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Nanostructured, Bulk Thermoelectric Alloys
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We have developed a theory of TE enhancement 
due to nanoinclusions  

We are investigating atomic mechanisms governing 
nanoprecipitate growth and stability  

We are investigating mechanisms of nanostructure 
formation in rock-salt tellurides Impact

D.L. Medlin1, P.A. Sharma1, J.D. Sugar1, J. Lensch-Falk1,  M. Hekmaty1,
S. Faleev1,3, F. Léonard1, S. Whalen2

1Materials Physics Department, 8756, Sandia National Laboratories, Livermore, CA
2Power Systems Component Development Dept., 2547 Sandia National Laboratories, Albuquerque, NM

3Present address: Seagate Technology, Pittsburgh PA

We are linking thermoelectric performance to 
evolution of internal interfacial structure

Materials Science Challenge for Thermoelectrics

Nanostructured Bulk Thermoelectrics
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Significance

Materials Science Challenge for Thermoelectrics
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Require materials on the 
mm to cm size-scale.
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Develop Bulk materials with improved thermoelectric conversion efficiency

PROBLEM
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Our approach: Connect nanostructure to  
properties through detailed microscopy and theory
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-Focus on tellurides. 
-Nanostructuring by 
controlling solid-state 
precipitation. 

Tetradymite 
(Sb2Te3) 

Rock-Salt 
(PbTe, AgSbTe2) 

Measure nanostructure 
using advanced microscopies 

50 nm Ag2Te nano-inclusions  
in PbTe 

TEM and atom probe tomography  

Seebeck coefficient 
Thermal conductivity 
Electrical resistivity 
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S. Faleev & F. Léonard, Physical Review B, 2008 
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Resolve Burgers vector (b) of step into 
components normal and parallel to interface 
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Example: Atomic Step at AgSbTe2/Sb2Te3 interface 
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P. Sharma, J.D. Sugar, D.L. Medlin (2009), in preparation. 

(111)AgSbTe2 // (0001)Sb2Te3 

[-101]AgSbTe2 // [2-1-10]Sb2Te3 
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TEM 

Sb2Te3 growth reduces Seebeck coefficient Sb2Te3 plates form during Annealing 
Of Sb-rich AgSbTe2 (Ag16.7Sb30Te53.3) 

Results

Monoclinic Ag2Te Adopts multiple variants in rock-salt matrix Example: Ag2Te 
Nanoinclusions in AgSbTe2 
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J.D. Sugar, D.L. Medlin, J. Alloys and Compounds 2009 

We are investigating atomic mechanisms 
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! Generic mechanism for transformation
from rock-salt to tetradymite tellurides.
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RESULTS


